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Abstract 

Background: Two parallel gastroenteritis outbreaks occurred in an elementary school and a neighboring 
kindergarten in Kilkis, Northern Greece in 2012. The ainn of the study was the investigation of these two parallel 
outbreaks as well as their possible source. 

Methods: Two retrospective cohort studies were perfornned to identify the nnode and the vehicle of transmission 
as well as the possible connection between them. 

Results: Elementary school and kindergarten populations of 79.9% (119/149) and 51.1% (23/45) respectively, 
participated in the study. Case definition was satisfied by 65 pupils from the elementary school and 14 from the 
kindergarten. For elementary school, 53 cases were considered primary cases of the outbreak and were included in 
the analysis. Based on the results of the multivariate analysis, consumption of tap water was the only statistically 
significant independent risk factor of gastroenteritis (RR = 2.34, 95% C.I.: 1.55-3.53).; a finding supported by the shape 
of the epidemic curve which referred to a common point source outbreak with secondary cases. For kindergarten, 
no statistically significant risk factor was identified, and the epidemic curve supported a person-to-person 
transmission according univariate analysis. Norovirus Gl and Gil and human Adenovirus were detected by Real Time 
PGR in stool samples from seven children of elementary school, but stool samples were not collected by children of 
the kindergarten. 

Conclusions: Even though the etiological agent of the outbreak was not verified, combined epidemiological and 
laboratory results were in favor of a waterborne viral gastroenteritis outbreak at the elementary school, followed by 
a person to person spread at the kindergarten. 
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Background 

Viral gastroenteritis is a major health problem worldwide. 
Viruses cause both seasonal acute gastroenteritis and oc- 
casional outbreaks associated with the consumption of 
contaminated food or water [1], These outbreaks involve a 
number of high-risk groups, particularly young children, 
the elderly and immunocompromised patients [2-6]; they 
are frequent in semi-enclosed environments, such as 
school settings due to the increased number of people and 
the increased personal contacts among them. However, 
there is not a clear picture on the aetiological agents and 



* Correspondence: avanta(5)u patras.gr 

^Environmental Microbiology Unit, Department of Public Health, School of 

Medicine, University of Patras, Patras, Greece 

Full list of author information is available at the end of the article 



source of infection in several outbreaks occurring in school 
settings because of underreporting and incomplete epi- 
demiological and laboratory investigation of the reported 
ones. Regarding the source, a few publications refer to 
waterborne viral outbreaks in such settings [7-9]. 

In Greece, viral gastroenteritis outbreaks are generally 
under-reported [10-13] even though clusters of non- 
bacterial gastroenteritis cases are included in the mandatory 
notification system of the Hellenic Center for Disease Con- 
trol and Prevention (HCDCP). To our knowledge no epi- 
demiological studies have been published referring to viral 
outbreaks regarding a Greek school setting. 

On 16 January 2012, HCDCP was informed on an in- 
creased number of pupils with gastroenteritis at an elem- 
entary school of Nea Santa Kilkis, a village with 1,538 
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residents, in Northern Greece. The reported symptoms 
were mild (mainly vomiting and diarrhoea), and supportive 
of a viral origin. Recommended pre-investigation interven- 
tions included the adoption of strict personal hygiene stan- 
dards, disinfection of shared environmental surfaces, and 
exclusion of ill persons from school during their illness and 
for at least 48 hours after resolution of symptoms. A neigh- 
boring to the elementary school kindergarten was also 
contacted to ask for gastroenteritis cases in pupils or staff 
members and cases of gastroenteritis were confirmed. 

The Public Health Department (PHD) of Kilkis in- 
formed HCDCP that there had been an increased occur- 
rence of viral gastroenteritis after New Years Eve in the 
community but most of the cases had not visited a med- 
ical service. This increase was considered to be inside the 
limits of the expected for this time of year increase of viral 
gastroenteritis. 

According to the results of the initial investigation of the 
outbreak at the elementary school, there were no shared 
meals and children were allowed to consume only the food 
brought by their home. Cases were almost simultaneously 
reported by the eight classes of the school and children of 
different classes did not have any common school activities 
the days that preceded the occurrence of the first cases. 
Furthermore, the cases occurred after the school was closed 
for 15 days for Christmas and New Years Eve holidays with 
the first cases experiencing symptoms late at night of the 
first day back to school. Initial investigation was against the 
hypothesis that a pupil or teacher could have been the 
source of the outbreak since no teacher was included 
among the first cases based on the reported onset date of 
symptoms, and the first children that developed symptoms 
were from different classes, were not family members or 
friends and had not participated to a common activity. 
Local public health authorities and teachers suspected that 
the heavy snowfall and the low temperature may have 
caused problems to the public water supply system that be- 
came obvious at the school as the tap water was not used 
for two weeks. 

Further epidemiological investigation of the outbreak was 
decided as: a) attack rate of gastroenteritis was high in the 
elementary school and many cases occurred almost simul- 
taneously, b) the source of the outbreak was not clear, 

c) outbreaks like this are rarely investigated in Greece and 
little information can be found in the literature, and 

d) cases also occurred in the neighboring to the school kin- 
dergarten. The objectives of the investigation were to iden- 
tify the mode and the vehicle of transmission in both 
settings and also the possible connection between them. 

Methods 

Epidemiological investigation 

Listing of all cases and of basic information (pupil/stu- 
dent, onset date of symptoms, class) was requested and 



new cases were daily recorded and reported to the 
HCDCP via a structured form. 

Two retrospective cohort studies were conducted, one 
at the elementary school and one at the kindergarten. 
Gastroenteritis cases were recorded from the beginning 
of January to the end of January 2012. 

A case of gastrointestinal illness for both studies was de- 
fined any pupil or staff member who reported vomiting 
and/or diarrhoea between 09 and 24 January 2012. 

For the elementary school, a primary case was defined 
as any pupil or staff member who experienced gastro- 
enteritis symptoms (vomiting and/or diarrhoea) between 
09 and 16 January 2012, and secondary case as any pupil 
or staff member who experienced symptoms after the 16^*^ 
of January. 

A standardized questionnaire was developed for data 
collection. It was stressed that the mothers (or guardians) 
of the children had to complete the questionnaires be- 
cause of their young age. Questions focused on: 1) demo- 
graphic data (sex, age), school grade, classroom, 2) illness 
onset, symptoms, symptoms' duration, hospitalization, 
3) potential risk factors (water consumption, school activ- 
ities, food consumption, ill contacts). Ill contacts (cases) 
were defined as persons at school, in the family or among 
friends with diarrhoea or vomiting. Participants were 
asked to specify if the contact was taken place inside or 
outside the school setting. All participants were informed 
regarding the purpose of the study and consent was asked 
in order to participate. 

Statistical analysis 

Epi Info 3.5.3 was used for data entry and STATA vll.O 
(Stata Corporation, Texas, USA) for statistical analysis. At- 
tack rates (AR) per risk factor were calculated. Univariate 
analysis was performed, calculating relative risks (RR) and 
95% confidence intervals (CI) for dichotomous individual 
exposures. In addition, logistic univariate analysis was 
used to calculate point estimates including their 95% CI 
for discrete variables. For the elementary school univariate 
analysis was performed separately for primary and second- 
ary cases. Multivariate analysis was performed, including 
the variables that were found to be significant in univariate 
analysis. Variables statistically significant at p < 0.05 were 
included in the multivariable model. In the latter model, 
an association was considered statistically significant when 
p<0.05. The multivariable analysis was performed by 
multiple logistic regressions using backwards elimination. 

Environmental investigation 

Data regarding the schools water supply system and pos- 
sible problems during the previous month of the in- 
crease of the cases were recorded. The DPH was asked 
whether there had been any recent testing of the potable 
water. Meteorological data were also collected for the 
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same period. On January 17, the DPH conducted a 
sanitary inspection of the schools, and also performed 
water sampling. Two tap water samples (10 L each) were 
collected from the elementary school and the kindergarten 
on 17 January and were sent to laboratory into cool boxes. 
An additional water sampling was performed in the local 
village and also subjected to standard bacteriological ana- 
lysis (E.coli, Enterococci and Salmonella) according 
to guidelines [14]. 



Laboratory investigation 

The skimmed milk (SM) flocculation procedure was 
used for the detection of viruses in water samples [15]. 
Viral molecular detection was based on TaqMan® assays 
previously described by Hernroth et al. (2002) for hAdV 
[16], Svraka et al. (2007) for NoV GI [17], and da Silva 
et al. (2007) for NoV Gil [18]. The analysis method is 
accredited by ISO 17025. 

Faecal samples were tested for Salmonella spp. 
according to standard procedures and the selected viral 
targets (hAdVs, NoVs), as described above. 

Ethical statement 

According to the Greek legislation, (HCDCP) is the com- 
petent authority for outbreak investigation. The school 
board and the parents' committee gave us their permission 
to investigate the outbreak via a structured questionnaire 
and no further approval was requested. In order to re- 
assure informed consent, the questionnaire was accom- 
panied with a letter for parents explaining the scope of the 
study, clearly stating that they had the choice of not par- 
ticipating to it. Finally, the study was performed in compli- 
ance with the Helsinki Declaration; collected data were 



anonymous and were used only for the purposes of the 
outbreak investigation. 

Results 

Epidemiological investigation 
Elementary school 

The elementary school population comprised of 149 
people, 130 of which were pupils, 18 members of the 
teaching staff and one was a cleaning staff member. 

The total response rate was 79.9%. Information was ac- 
quired for 103 pupils (response rate: 79.2%), 14 teachers 
(response rate: 77.8%) and one staff member (100%). Five 
people were excluded from the study because they might 
have been community cases based on their history of ill 
contacts and one because it did not meet the case defin- 
ition criteria. The median age of the 113 participants of 
the study was 10 years (range: 6-51 years) and 97 (85.8%) 
of them were less than 12 years old; 72 (63.7%) were fe- 
males. A total of 65 persons were found to meet the case 
definition (attack rate: 57.5%). Distribution of cases by date 
of symptoms' onset is presented in Figure 1. Figure 1 
shows that the peak of the outbreal< was on 12/01/2012. 
The shape of the epidemic curve is compatible with a 
common point source outbreak (53 primary cases) 
followed by a secondary person-to-person transmission 
(12 secondary cases). The attack rates among males and 
females were 73.2% and 48.6%, respectively. The vast ma- 
jority of the reported cases (95.4%) were pupils; and the 
total attack rate for the student population was 63.9%. Of 
the 14 members of the teaching staff only one reported 
symptoms (attack rate: 7.1%), as well as the one member 
of the cleaning staff. Cases were reported from all classes. 
Attack rates by class ranged from 50% to 77%. The tem- 
poral distribution of cases by class did not depict any 




Date of symptoms onset 

Figure 1 Date of illness onset for gastroenteritis cases (n = 66), Elementary School, Nea Santa, Kilkis, January 2012. 



Mellou et al. BMC Public Health 2013, 13:241 
http://www.bionnedcentral.conn/1471-2458/13/241 



Page 4 of 7 



Table 1 Reported clinical symptoms of gastroenteritis 
cases of the Elementary School (n = 65) and the 
Kindergarten (n = 14), Nea Santa, Kilkis, January 2012 



Symptom 


Number of cases (%) 




Elementary School 


Kindergarten 


Vomiting 


51 (77.3) 


1 1 (78.6) 


Diarriiea 


49 (74.2) 


7 (50.0) 


Abdominal pain 


35 (53.0) 


9 (64.3) 


Weal<ness/Malaise 


35 (53.0) 


10 (71.4) 


Nausea 


28 (42.4) 


5 (35.7) 


Fever (>38,0°C) 


20 (30.3) 


5 (35.7) 


Artliralgia 


13 (19.7) 


4 (28.6) 



specific transmission pattern from one class to another. 
The main reported symptoms of cases are presented in 
Table 1. The mean number of vomiting per day was 3 
(range: 1-20), while the mean number of diarrhoeas per 
day was 3 (range: 1-25). The duration of illness ranged 
from 1 to 12 days, with a median of 2 days. Only one case 
(1.6%) was hospitalized. Sixty two cases (95.4%) remained 
at home for recovery, while the median duration of absence 
from school was 4 days (range: 1-14). Twenty eight cases 
(43.1%) reported they had a person in their environment 
with gastroenteritis symptoms before the onset of their 
symptoms, while forty five cases (70.3%) reported a person 
in their environment wdth gastroenteritis after the onset of 
their symptoms. The univariate analysis that was conducted 
for primary cases revealed as statistically significant factors 
both the consumption of water from the tap of the elemen- 
tary school (RR = 2.09, 95% C.I.: 1.52-2.87), and the con- 
sumption of bottled water (RR = 0.63, C.I.: 0.48-0.84) 
(protective factor). Attack rates and relative risks are sum- 
marized in Table 2. 

In the final model of the multiple logistic regression ana- 
lysis, consumption of tap water, consumption of bottled 
water (protective factor) and contact with a gastroenteritis 
case prior to disease onset were included. Based on the re- 
sults of the multivariate analysis consumption of tap water 



was the only statistically significant independent risk fac- 
tor of gastroenteritis (RR = 2.34, 95% C.I.: 1.55-3.53). 

All secondary cases reported close contact with a pri- 
mary case (ill classmate) the two days before their disease s 
occurrence. None reported contact with ill persons out- 
side the school environment. 

Kindergarten 

The kindergarten population comprised of 45 people, 39 
pupils, five teachers and one cleaning staff member, who 
was actually the same for both schools. Epidemiological 
information was collected through the structured ques- 
tionnaire from 23 (response rate: 51.1%) of the kinder- 
garten members. Information was acquired for 19 pupils 
(response rate: 48.7%), four teachers (response rate: 
80.0%) and one staff member (100%). The median age of 
the 23 participants of the study was 5 years (min: 4, 
max: 45 years), with the vast majority of them (82.6%) 
being less than 6 years old; 13 (56.5%) of them were fe- 
males. Of the 23 people, a total of 14 met the criteria of 
case definition (attack rate: 60.9%). Distribution of cases 
by date of symptoms onset is presented in Figure 2. The 
shape of the epidemic curve is compatible with person 
to person transmission of the disease. The first cases oc- 
curred one day after the cases at the elementary school. 
The cleaning staff member reported that her symptoms 
started on 18/01/2012. The attack rates among males 
and females were 60.0% and 61.5%, respectively. The 
majority of the reported cases (85.7%) were pupils; the 
attack rate for the kindergarten student population was 
63.2%, while two teachers presented symptoms (attack 
rate 50.0%). The main reported symptoms of cases are 
presented in Table 1. The mean number of vomiting per 
day was 3 (min: 1, max: 10), while the mean number of 
diarrhoeas per day was 3 (min: 1, max: 7). Duration of 
illness ranged from 1 to 15 days, with a median of 2 days. 
Only one case (7.14%) was hospitalized. All 14 cases (100%) 
remained at home for recovery, while the median duration 
of absence from school was 5 days (2-15 days). Five cases 
(35.7%) reported a person in their environment with 



Table 2 Results of the univariate analysis (n = 53), Elementary School, January 2012 





Exposed 






Non exposed 








Risk factors 


Cases 


Total 


^/?*% 


Cases 


Total 




RRf 


95% at 


Consumption of tap water from the school 


32 


45 


71.1 


20 


66 


30.3 


2.35 


1 .56-3.54 


Consumption of bottled water 


27 


77 


35.1 


25 


35 


71.4 


0.49 


0.34-0.71 


Consumption of water from tine cooler in tine teacliing staff room 


5 


11 


45.5 


47 


100 


47.0 


0.97 


0.49-1.91 


Anotlier person at approximate environment witli gastroenteritis 
symptoms before tine onset of symptoms 


25 


31 


80.7 


28 


42 


66.7 


1.21 


0.92-1.59 


Participation in tutorial lessons (after school) 


16 


33 


48.5 


36 


73 


49.3 


0.98 


0.64-1.50 


Participation in athletic activities 


11 


23 


47.8 


41 


83 


49.4 


0.97 


0.60-1.56 


Visit to playground 


1 


2 


50.0 


51 


104 


49.04 


1.02 


0.25-4.13 


^Attack Rate f Relative Risk t 95% Confidence Interval 
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Date of symptoms onset 

Figure 2 Date of illness onset for gastroenteritis cases (n = 14), Kindergarten, Nea Santa, Kilkis, January 2012. 



gastroenteritis symptoms before the onset of their symp- 
toms, while 11 cases (78.6%) reported a symptomatic per- 
son in their environment after the onset of their symptoms. 

Investigation did not reveal a specific relationship be- 
tween children of the two schools (siblings or cousins). 
The univariate analysis revealed no statistically signifi- 
cant risk factor. Attack rates and relative risks are sum- 
marized in Table 3. 

Environmental investigation 

The schools are connected to the public water supply sys- 
tem and no problems had been recently reported and 
there had been no testing of the water the previous 
months. The temperature during the period before the oc- 
currence of the outbreak was low (-3 to 9°C) and snowfall 
was heavy for several days. Hygiene inspection of the 
schools premises did not reveal any significant problem. 

Laboratory investigation 

The tap water sample from the kindergarten was positive 
for human AdV, while AdVs and NoVs were not detected 
in the sample from the elementary school. Water sampling 
and analysis performed by the municipal enterprise for 
water supply and sewerage of Kilkis showed that the 



measured standard bacterial parameters were within nor- 
mal limits. 

Eleven faecal samples were collected from seven pupils 
in total (two specimens from each of four pupils and 
one specimen from each of three pupils). All pupils were 
cases. Real-time (RT-) PGR results of fecal specimens' nu- 
cleic acid samples tested positive for all selected viral tar- 
gets (NoV GI, NoV Gil, hAdV). Laboratory investigation 
showed that: a) two children were found positive for 
Norovirus GI, Norovirus GII and Adenovirus, b) one child 
was found positive for Adenovirus, c) one child was found 
positive for Norovirus GII. 

Discussion 

We report on the investigation of two gastroenteritis out- 
breaks, in an elementary school and a neighboring kinder- 
garten in a village with 1,538 residents in Northern Greece. 
Even though information from epidemiological and mo- 
lecular investigation is of utmost importance to guide out- 
break control measures and to prevent future outbreaks, 
gastroenteritis outbreaks at school settings are rarely inves- 
tigated [19]. 

Evidence did not support the hypothesis of food-borne 
origin of the outbreak in the elementary school and cases 



Table 3 Results of the univariate analysis. Kindergarten, Nea Santa, Kilkis, January 2012 





Exposed 






Non exposed 








Risk factors 


Cases 


Total 


ARWo 


Cases 


Total 


ARWo 


RRf 


95%at 


Consumption of tap water from the kindergarten 


5 


7 


71.4 


9 


14 


64.3 


1.11 


0.60-2.04 


Consumption of bottled water 


10 


15 


66.7 


4 


6 


66.7 


1.00 


0.51-1.95 


Anotlier person at approximate environment witli 
gastroenteritis symptoms before tine onset of symptoms 


5 


5 


100.0 


9 


9 


100.0 


1.00 


1.00-1.00 


Visit to playground 


3 


5 


60.0 


11 


16 


68.7 


0.87 


0.40-1.92 


Participation in party 


2 


3 


66.7 


12 


18 


66.7 


1.00 


0.42-2.37 



^Attack Rate f Relative Risk t 95% Confidence Interval. 
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could not be attributed to a single pupil or teacher. 
According to the results of the analytical epidemiological 
study, those who consumed tap water at school were more 
likely to develop gastroenteritis symptoms than those who 
did not consume tap water. The shape of the epidemic 
curve was compatible with a point source outbreak 
followed by secondary transmission. Even though the 
aetiological agent of the outbreak, was not verified, the 
epidemic curve in combination with the descriptive data, 
and the detection of NoV GI NoV Gil, and AdVs in clin- 
ical samples collected from the elementary school pupils 
support the hypothesis of a mixed viral gastroenteritis out- 
break. The detection of a viral pathogen/s was not possible 
at the tap water sample of the elementary school, but evi- 
dence of faecal contamination was found in one sample of 
tap water from the kindergarten, which was positive for 
hAdV; since the two schools have the same water supply 
system this finding is supportive of our hypothesis. 
Noroviruses (NoVs) and adenoviruses (AdVs) are common 
causative agents of gastroenteritis outbreaks in both chil- 
dren and adults and are believed to be implicated to sev- 
eral community outbreaks [20]. AdVs have been detected 
in waters of various origins and have been responsible for 
many waterborne outbreaks [21]. In addition, they have 
been proposed as indicators of human fecal contamination 
in water and food, since they are excreted by the popula- 
tions of all geographical areas and are the most abundant 
viruses detected in urban sewage [22]. 

The fact that no Norovirus was detected in the ana- 
lyzed water samples and that only the water sample from 
the kindergarten was found positive for AdVs can be 
explained by the fact that the two tap water samples 
were collected on 17 January, several days after the out- 
break onset on 09 January and after the outbreak peak 
on 12/01/2012. NoVs and AdVs present different stabil- 
ity characteristics in the environment. 

Financial constraints did not allow the molecular typ- 
ing of the detected viral agents by sequencing. 

Conclusions 

Verification of the aetiological agent of waterborne out- 
breaks is always challenging since most of them are of 
mixed etiology [23-25] and sampling is usually performed 
with delay [25,26]. In this outbreak, viruses could have 
already disappeared from the water or been present at 
much diluted concentrations in the supposed case of a 
transient contamination at the day of water sampling. 
Moreover, despite improvements in the methodology 
used, detection of viruses in water remains challenging 
and NoVs are not identified in water in most suspected 
Norovirus related waterborne outbreaks [27] . 

Based on the revised strength-of-evidence classifica- 
tion of waterborne outbreaks of the Centre for Diseases 
Control of USA [28], this outbreak could be considered 



as a class II waterborne outbreak based on the available 
epidemiological data. It is believed that heavy snowfall 
while the school was closed for 15 days and the fact that 
the water system of the schools was not used during that 
period contributed to an increased microbial load of the 
water that was consumed by teachers and pupils on the 
first day after holidays (9th January). Heavy rains and 
snowfalls contribute to run-off of water from the fields 
into the rivers through mobilization of pathogens in the 
environment [29-31]. The hypothesis that the water was 
contaminated with human or animal waste and that 
pathogens were multiplied during that period need fur- 
ther investigation. 

Regarding gastroenteritis cases at the kindergarten, the 
shape of the epidemic curve refers to a person-to-person 
transmission and univariate analysis did not reveal a statis- 
tically significant risk factor. Diarrheic fecal samples were 
not collected, although recommended. The results of the 
investigation were not conclusive regarding the mode of 
transmission of the outbreak in the kindergarten. This was 
mainly because contacts were difficult to be defined due 
to the young age of children, many children were in dia- 
pers, and practices followed by the personnel inside the 
kindergarten could not be accurately documented. This 
viral gastroenteritis outbreak investigation is one of the 
very few that combined epidemiological, laboratory and 
environmental data in Greece; it highlights the value of 
molecular methods in outbreak investigations, and illus- 
trates the importance of inter-agency collaboration. 

Despite the limitations of this investigation, such as 
the delayed notification, the difficulty in collecting clin- 
ical and environmental samples early in the course of 
the outbreak, it clearly showed that the local public 
health authorities should play a more active role in the 
investigation of such outbreaks and that training of the 
personnel on the different aspects of outbreak investiga- 
tion should be a future goal of HCDCP. Furthermore, 
since viral gastroenteritis outbreaks are frequent in 
school settings, school boards should be provided with a 
written protocol for timely notification of public health 
authorities and implementation of preventive measures. 
Recording of absenteeism at schools should be done on 
a daily basis and in a structured manner. 

Competing interest 

The authors declare that they have no competing interests. 
Authors' contribution 

All authors (KM, TS, MP, PK, PZ, TG, AV) have been participated in the 
conception and design, acquisition of data or analysis and interpretation of 
data, the drafting of the article or revising it critically for important 
intellectual content as well as its final approval of the version published. 

Funding statement 

This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors. 



Mellou et al. BMC Public Health 201 3, 1 3:241 Page 7 of 7 

http://www.bionnedcentral.conn/1471-2458/13/241 



License for publication 

"The Corresponding Author (Dr Apostolos Vantarakis) has the right to grant on 
behalf of all authors and does grant on behalf of all authors, an exclusive license 
(or non exclusive for government employees) on a worldwide basis to the BMJ 
Publishing Group Ltd and its Licensees to permit this article (if accepted) to be 
published in JECH editions and any other BMJPGL products to exploit all 
subsidiary rights, as set out in our license. 

Author details 

^Environmental Microbiology Unit, Department of Public Health, School of 
Medicine, University of Patras, Patras, Greece. ^Hellenic Center for Disease 
Control and Prevention, Athens, Greece. 

Received: 24 August 2012 Accepted: 13 March 2013 
Published: 19 March 2013 



References 

1. Zhou X, Li H, Sun L, Mo Y, Chen S, Wu X, Liang J, Zheng H, Ke C, Varma JK, 
Klena JD, Chen Q, Zou L, Yang X: Epidemiological and molecular analysis 
of a waterborne outbreak of norovirus GII.4. Epidemiol Infect 2012, 8:1-8 
[Epub ahead of print]. 

2. Glass Rl, Parashar UD, Estes MK: Norovirus gastroenteritis. N Engl J Med 
2009, 361 (18):1 776-1 785. 

3. Centers for Disease Control and Prevention (CDC).: Norovirus outbreak in 
an elementary school-District of Columbia, February 2007. MMWR Morb 
Mortal Wkly Rep 2008, 56(5 1-52):1 340-1 343. 

4. Centers for Disease Control and Prevention (CDC): Updated Norovirus 
Outbreak Management and Disease Prevention Guidelines. 
MMWR Recommendations Reports 201 1, 60(RR03):1-15. 

5. Lee MB, Greig JD: A review of gastrointestinal outbreaks in schools: 
effective infection control interventions. J Sc/i Health 2010, 80(12):588-598. 

6. Gongalves G, Gouveia E, Mesquita JR, Almeida A, Ribeiro A, Rocha-Pereira J, 
Sao Jose Nascimento M: Outbreak of acute gastroenteritis caused by 
adenovirus type 41 in a kindergarten. Epidemiol Infect 201 1, 139(1 1):1 672-1 675. 

7. Gross TP, Conde JG, Gary GW, Harting D, Goeller D, Israel E: An outbreak of 
acute infectious nonbacterial gastroenteritis in a high school in 
Maryland. Publ Health Rep 1989, 104(2):164-169. 

8. Gaulin C, Levesque B, Gauvin D, Krizanova V: Outbreak of non-bacterial 
gastroenteritis in a school. Can J Publ Health 1996, 87(4):264-267. 

9. Georgiadou SP, Loukeris D, Smilakou S, Daikos GL, Sipsas NV: Effective 
control of an acute gastroenteritis outbreak due to norovirus infection in a 
hospital wards in Athens, Greece, April 201 1. to Surveill 201 1, 14:16(28). 

10. Kokkinos P, Ziros P, Meri D, Filippidou S, Kolla S, Galanis A, Vantarakis A: 
Environmental surveillance. An additional/alternative approach for 
virological surveillance in Greece? Int J Environ Res Publ Health 201 1, 
8(6):1914-1922. 

11. Levidiotou S, Gartzonika C, Papaventsis D, Christaki C, Priavali E, Zotos N, 
Kapsali E, Vrioni G: Viral agents of acute gastroenteritis in hospitalized 
children in Greece. Clin Microbiol Infect 2009, 15(6):596-598. 

12. Papadopoulos VP, Vlachos 0, Isidoriou E, Kasmeridis C, Pappa Z, 
Goutzouvelidis A: A gastroenteritis outbreak due to norovirus infection in 
Xanthi, northern Greece: management and public health consequences. 
J Gastrointestin Liver Di 2006, 15(1):27-30. 

13. Vantarakis A, Mellou K, Spala G, Kokkinos P, Alamanos Y: A gastroenteritis 
outbreak caused by noroviruses in Greece. Int J Environ Res Publ Health 
2011,8(8):3468-3478. 

14. Council of the European Economic Community Directive 98/83/EEC: On the 
quality of water intended for human consumption. Counc Eur 
Communities 1998, 5.12(L330):32-54. 

15. Calgua B, Mengewein A, Grunert A, Bofill-Mas S, Clemente-Casares P, 
Hundesa A, Wyn-Jones AP, Lopez-Pila JM, Girones R: Development and 
application of a one-step low cost procedure to concentrate viruses 
from seawater samples. J Virol Meth 2008, 153(2):79-83. 

16. Hernroth BE, Conden-Hansson AC, Rehnstam-Holm AS, Girones R, Allard AK: 
Environmental factors influencing human viral pathogens and their 
potential indicator organisms in the blue mussel, Mytilus edulis: the first 
Scandinavian report. AppI Environ Microbiol 2002, 68:4523-4533. 

17. Svraka S, Duizer E, Vennema H, de Bruin E, van der Veer B, Dorresteijn B, 
Koopmans M: Etiological role of viruses in outbreaks of acute 
gastroenteritis in The Netherlands from 1994 through 2005. J Clin 
Microbiol 2007, 45(5):1 389-1 394. 



18. da Silva AK, Le Saux JC, Parnaudeau S, Pommepuy M, Elimelech M, Le 
Guyader FS: Evaluation of removal of noroviruses during wastewater 
treatment, using Real-Time Reverse Transcription-PCR: different behaviors 
of genogroups I and II. AppI Environ Microbiol 2007, 73(24):7891-7897. 

19. Riera-Montes M, Brus Sjolander K, Allestam G, Hallin E, Hedlund KO, Lofdahl 
M: Waterborne norovirus outbreak in a municipal drinking-water supply 
in Sweden. Epidemiol Infect 201 1 , 1 39(1 2):1 928-1 935. 

20. Rasanen S, Lappalainen S, Kaikkonen S, Hamalainen M, Salminen M, Vesikari 
T: Mixed viral infections causing acute gastroenteritis in children in a 
waterborne outbreak. Epidemiol Infect 2010, 138(9):1 227-1 234. 

21. Mena KD, Gerba CP: Waterborne adenovirus. Rev Environ Contam Toxicol 

2009, 198:133-167. 

22. Pina S, Puig M, Lucena F, Jofre J, Girones R: Viral pollution in the 
environment and shellfish: human adenovirus detection by PGR as an 
index of human viruses. AppI Environ Microbiol 1998, 64:3376-3382. 

23. Leclerc H, Schwartzbrod L, Dei-Cas E: Microbial agents associated with 
waterborne diseases. Crit Rev Microbiol 2002, 28:371-409. 

24. Kopilovic B, Ucakar V, Koren N, Krek M, Kraigher A: Waterborne outbreak of 
acute gastroenteritis in a costal area in Slovenia in June and July 2008. 
Eurosurveillance 2008, 13(34):pii=18957. 

25. O'Reilly CE, Bowen AB, Perez NE, et al: A waterborne outbreak of 
gastroenteritis with multiple etiologies among resort island visitors and 
residents: Ohio, 2004. Clin Infect Dis 2007, 44:506-512. 

26. Beaudeau P, de Valk H, Vaillant V, Mannschott C, Tillier C, Mouly D, Ledrans 
M: Lessons learned from ten investigations of waterborne gastroenteritis 
outbreaks, France, ^998-2006. J Water Health 2008, 6:491-503. 

27. Greene SK, Huang J, Abrams AM, Gilliss D, Reed M, Piatt R, Huang SS, 
Kulldorff M: Gastrointestinal disease outbreak detection using multiple 
data streams from electronic medical records. Foodborne Pathog Dis 2012, 
9(5):43 1-441. 

28. Yoder J, Roberts V, Craun GF, et al: Surveillance for waterborne disease and 
outbreaks associated with recreational water use and other aquatic facility- 
associated health events - United States, 2005—2006. MMWR Surveillance 
Summaries 2008, 57(SS09):1-29. 

29. Hunter PR: Climate change and water-borne and vector-borne disease. 
J AppI Microbiol 2003, 94(Suppl):37S-46S. 

30. Cann KF, Thomas DR, Salmon RL, Wyn-Jones AP, Kay D: Extreme water- 
related weather events and waterborne disease. Epidemiol Infect 2012, 
9:1-16. 

31. Tinker SC, Moe CL, Klein M, Flanders WD, Uber J, Amirtharajah A, Singer P, 
Tolbert PE: Drinking water turbidity and emergency department visits for 
gastrointestinal illness in Atlanta, 1993-2004. J Expo Sci Environ Epidemiol 

2010, 20:19-28. 



doi:1 0.1 1 86/1 471 -2458-1 3-241 

Cite this article as: Mellou et al.: Epidemiological investigation of two 
parallel gastroenteritis outbreaks in school settings. BMC Public Health 

2013 13:241. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



